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© Receiver comprising an RF section, a mixer 
stage and a signal processing stage, said mixer 
stage receiving a mixing frequency from a frequency 
synthesis circuit which comprises a phase-locked 
loop provided with a phase detection device having 
a current output, a loop filter comprising a w-shaped 
RC network having an input shunt path and an 
output shunt path which are connected to both ends 
of a series resistor incorporated in a series path and 
to ground and comprise first and second capacitan- 
ces, respectively, and with a voltage-controlled os- 
cillator, a reference frequency being applied to said 
phase detection device. 

In order to prevent the use of active filter circuits 
in the phase-locked loop of such a receiver accord- 
ing to the invention, the second capacitance is cho- 
sen to be at least twice as large as the first capaci- 
tance, the series resistance is chosen to be smaller 
than the output impedance of the phase detection 
device and the output shunt path of the loop filter is 
provided with an RC phase shift member for reduc- 



ing the phase shift of the second capacitance in the 
output shttht path. 
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The invention relates to a receiver comprising 
an RF section, a mixer stage and a signal process- 
ing section, said mixer stage receiving a mixing 
frequency from a frequency synthesis circuit which 
comprises a phase-locked loop provided with a 
phase detection device having a current output, a 
loop filter comprising a w-shaped RC network hav- 
ing an input shunt path and an output shunt path 
which are connected to both ends of a series 
resistor incorporated in a series path and to ground 
and comprise first and second capacitances, re- 
spectively, and with a voltage-controlled oscillator, 
a reference frequency being applied to said phase 
detection device. 

A phase-locked loop for use in a frequency 
synthesis circuit of such a receiver is known per 
se, for example from United States Patent no. 
3,316,497. 

In the known phase-locked loop the controlled 
oscillator is coupled to the phase detection device 
via a frequency divider. The reference frequency is 
also applied to the phase detection device from, for 
example, a crystal oscillator. In the phase-locked 
state of the loop phase differences between the 
frequency-divided oscillator signal on the one hand 
and the reference frequency on the other hand are 
converted in the phase detection device into a 
phase difference signal which is negatively fed 
back in the loop from the output to the input of the 
phase detection device and is thereby suppressed. 
As a result, an accurate phase synchronization of 
the frequency-divided oscillator signal with the ref- 
erence frequency takes place in this phase-locked 
state and the oscillator frequency is a factor deter- 
mined by the dividend or division factor of the 
frequency divider multiplied by the reference fre- 
quency. By varying said dividend, the oscillator 
frequency, which is applied as a mixing frequency 
to the mixer stage, can be adjusted to a desired 
tuning frequency. 

For a correct operation of the phase-locked 
loop the loop parameters should satisfy conflicting 
requirements: for example, the loop selectivity is to 
be chosen as large as possible for a maximal 
phase synchronization. However, a large loop se- 
lectivity is accompanied by a large phase shift 
which jeopardizes the loop stability. The imped- 
ance levels should also be noiselessly adjusted to 
correct values so as to prevent the loop circuits 
from influencing each other. 

In the known phase-locked loop use is made of 
active filter sections for this purpose, which to- 
gether with said 77-shaped RC network form part of 
a loop filter. In these active filter sections capacit- 
ances, series resistors and operational amplifiers 
are used for amplifying and selecting a dc control 
signal for the voltage-controlled oscillator. Particu- 
larly because of the series resistors and the am- 



plifiers, the use of such active filter sections in a 
phase-locked loop introduces a number of unwan- 
ted effects in the loop, such as: 

- the occurrence of unwanted sideband signals 
5 around the oscillator frequency at intervals 

with the order of magnitude of the reference 
frequency, caused by leakage currents in the 
amplifiers; 

- an unwanted frequency modulation of the os- 
10 cillator signal as a result of insufficient sup- 
pression of power supply voltage variations 
or ripple in the amplifiers; 

- noise which becomes manifest as an unwan- 
ted sideband noise in the oscillator signal. 

75 It is an object of the invention to provide a 

receiver having a phase-locked loop in which an 
adequate loop selectivity and loop stability is ob- 
tained without the afore-mentioned unwanted ef- 
fects accompanying the use of active filter sec- 

20 tions. 

According to the invention, a receiver of the 
type described in the opening paragraph is there- 
fore characterized in that the second capacitance is 
at least twice as large as the first capacitance, the 

25 series resistance is smaller than the output imped- 
ance of the phase detection device and the output 
shunt path of the loop filter is provided with an RC 
phase shift member. 

The invention is based on the recognition that 

30 an effective low-noise selection of the oscillator 
control signal while maintaining a sufficient loop 
stability with a passive loop filter is very well possi- 
ble by realizing the phase margin increase required 
for an adequate loop stability as well as the 

35 current-voltage conversion, i.e. the integration of 
the phase difference signal supplied by the phase 
detection device, substantially after the selection of 
said phase difference signal. 

When using the measure according to the in- 

40 vention, only* passive elements are used between 
the current output of the phase detection device 
and the voltage input of the controlled oscillator. A 
low-pass selectivity is obtained by means of the 
capacitance of the input shunt path and the series 

45 resistor. Integration of the output current signal of 
the phase detection device and a further increase 
of the low-pass selectivity is substantially realised 
by means of the second capacitance. The imped- 
ance of the input shunt path is then significantly 

50 larger than the impedance of the output shunt path. 
As a result the resistance noise voltage (4VKTR) of 
the series resistor is divided over the input shunt 
path and the output shunt path which is arranged 
parallel to the control input of the controlled oscilla- 

55 tor. As a result, only a very small part of said noise 
voltage is applied to the controlled oscillator. 

The 90° phase shift occurring across the sec- 
ond capacitance is reduced in a low-noise manner 
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by incorporating the RC phase shift member in the 
output shunt path. This reduction of the phase shift, 
also referred to as phase lead, is used to obtain a 
sufficiently large loop stability. 

A first preferred embodiment of a receiver ac- 
cording to the invention is characterized in that the 
RC member comprises a parallel arrangement of a 
resistor and a capacitance which is arranged in 
series with the second capacitance. 

A second preferred embodiment of a receiver 
according to the invention is characterized in that 
the RC member comprises a series arrangement of 
a resistor and a capacitance which is arranged in 
parallel with the second capacitance. 

To be able to rapidly follow frequency jumps in 
the reference frequency without any loss of loop 
stability, a further preferred embodiment is char- 
acterized in that a pair of anti-parallel connected 
diodes is arranged in parallel across the series 
resistor. 

The invention will be described in greater detail 
with reference to the Figures shown in the drawing, 
which Figures only serve the purpose of illustrating 
the invention. 

In this drawing: 
Fig. 1 shows a receiver according to the inven- 
tion; 

Fig. 2 shows an alternative embodiment of the 
loop filter for use in the receiver of Fig. 1 . 
Fig. 1 shows a receiver according to the inven- 
tion, having an RF antenna input Ir F for coupling an 
RF antenna ANT thereto. Successively coupled to 
the RF antenna input l RF in the receiver are an RF 
input section RF, a mixer stage M, an intermediate 
frequency circuit/demodulator unit IF and a 
baseband signal processing and reproducing de- 
vice SP. A mixing frequency or a local mixing 
carrier is applied to the mixer stage M from a 
frequency synthesis circuit, which local mixing car- 
rier is tunable in frequency to a tuning frequency 
which deviates over an intermediate frequency 
from a desired transmitter frequency. With the aid 
of this local mixing carrier it is possible to convert a 
desired RF reception signal, which is applied to the 
mixer stage M via the antenna ANT and the RF 
input section RF, into an intermediate frequency 
(IF) signal on an IF carrier of, for example 10.7 
MHz. In the IF circuit/demodulator unit IF said IF 
signal is demodulated after IF selection and am- 
plification, which results in a baseband signal. This 
baseband signal is subsequently further processed 
and reproduced in known manner in the baseband 
signal processing and reproducing device SP. 

The frequency synthesis circuit comprises a 
phase-locked loop PLL which incorporates a con- 
trolled oscillator VCO an output of which is coupled 
to a phase detector PD of a phase detection device 
via a frequency divider circuit DIV. The frequency 



<EP 05!9562A2J_> 



divider circuit DIV divides the frequency of the 
output signal of the controlled oscillator VCO by a 
controllable division factor N. A reference frequen- 
cy f re t is applied to the phase detector PD from a 

5 crystal oscillator XO. The phase detection device 
also includes a charge pump CP functioning as a 
voltage-current converter which is coupled to the 
output of the phase detector PD and converts volt- 
age pulses occurring in the output signal of the 

w phase detector PD into current pulses. These cur- 
rent pulses are supplied by the voltage-current 
converter CP to a current output CO of the phase 
detection device which is coupled to a loop filter 1- 
7. As will be described hereinafter, the loop filter 1- 

15 7 realises a substantially noiseless conversion of 
the pulsatory output current signal at the current 
output CO into a varying dc control voltage and a 
selection thereof without jeopardizing the loop sta- 
bility. This control voltage is applied to a control 

20 input of the controlled oscillator VCO for controlling 
the frequency and/or phase of the oscillator signal. 

In the operating range of the phase-locked loop 
PLL the frequency and phase differences between 
the reference frequency f ra f and the oscillator fre- 

25 quency of the controlled oscillator VCO divided in 
frequency by means of the division factor N of the 
frequency divider circuit DIV are negatively fed 
back. As a result a phase synchronization is ob- 
tained eventually after a frequency synchronization, 

30 with the phase of said frequency-divided oscillator 
frequency of the controlled oscillator VCO being 
controlled to be accurately equal to that of the 
reference frequency f re i in the phase-locked state 
of the phase-locked loop PLL. The controlled os- 

35 cillator VCO then supplies an oscillator frequency 
which is N times the reference frequency f re f. Since 
the factor N is controllable, the oscillator signal 
applied as a mixing frequency to the mixer stage M 
by the oscillator VCO can be tuned to a desired 

40 tuning frequency by varying this factor N. 

The loop filter 1-7 only uses passive elements 
and comprises a w-shaped RC network having an 
input shunt path and an output shunt path which 
are connected to both ends of a series resistor 5 

45 incorporated in a series path and to ground, said 
first shunt path incorporating a first capacitance 1 
and said second shunt path incorporating a second 
capacitance 2 which is arranged in series with a 
parallel RC phase shift member 3, 4. This parallel 

so RC phase shift member 3, 4 incorporates a third 
capacitance 3 which is arranged parallel to a resis- 
tor 4. The second capacitance 2 is chosen to be at 
least twice as large as the first capacitance 1 , while 
the series resistance is chosen to be smaller than 

55 the output impedance of the voltage-current con- 
verter CP. The cut-off frequency determined by the 
series resistor 5 and the first capacitance 1 is 
chosen to be several times larger than the refer- 
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ence frequency f ref . As a result a current- voltage 
conversion or an integration of the current pulses 
supplied by CP is substantially realised across the 
second capacitance 2. Since the first capacitance 1 
has a comparatively small value, it is charged fairly 
rapidly by the output current pulses of the voltage- 
current converter CP, while for the chosen dimen- 
sioning a voltage is applied across the series resis- 
tor 5 which is substantially equal to the voltage 
across the first capacitance 1. The relatively large 
capacitance 2 is gradually charged via this series 
resistor 5, i.e. via a ramp function. Consequently 
the current-voltage conversion substantially takes 
place in this second capacitance 2. Simultaneously 
the second capacitance 2 reduces interference 
components, inter alia those having a frequency 
which is equal to the reference frequency f re i or its 
harmonics. 

Due to the comparatively small value of the 
first capacitance 1, the input shunt path has a 
comparatively high impedance. The series resistor 
5 can be considered as a noise voltage source 
which supplies a thermal noise voltage of 4VKTR. 
This thermal noise voltage spreads over the output 
impedance of the voltage-current converter CP on 
the one hand and the input impedance of the 
controlled oscillator VCO on the other hand. Since 
the voltage-current converter CP has a compara- 
tively high output impedance, substantially the en- 
tire noise voltage will be present across the input 
shunt path and substantially no noise voltage is 
applied to the controlled oscillator VCO. 

The RC phase shift member 3, 4 reduces the 
phase shift which is produced across the second 
capacitance 2 and hence increases the phase mar- 
gin which is necessary to obtain a sufficiently large 
loop stability. For this purpose the values of the 
third capacitance 3 and the resistor 4 are to be 
chosen in such a way that the cut-off frequency 
determined by these elements 3 and 4 is of the 
order of the reference frequency f re f- Preferably, 
the value of the resistor 4 should be approximately 
half that of the series resistor 5. 

For an effective phase correction by means of 
the RC phase shift member 3, 4, its impedance 
should be low-ohmic at the reference frequency 
f reI , which is achieved in the case of the chosen 
dimensioning. Consequently, this RC phase shift 
member 3, 4 acts as a phase lead network around 
f re t and for frequencies which are smaller than f ref . 
As regards the second shunt path 2-4 it is to be 
noted that for a good noise behaviour there should 
not be a dc path to ground across this second 
shunt path. 

An alternative embodiment of the loop filter 1-7 
is shown in Fig. 2, which differs from Fig. 1 in the 
way in which the second shunt path 2-4 is imple- 
mented. In the loop filter shown in Fig. 2 the RC 



phase shift member is constituted by a series 
arrangement of fourth and fifth capacitances 2' and 
3'. The RC phase shift member 2", 3, is arranged 
parallel to the second capacitance 2. 
s As already noted hereinbefore, the voltage 

across the second capacitance 2 operating as an 
integrator gradually increases in the phase-locked 
state of the loop. In order to be able to realise a 
rapid phase lock after step-wise changes of the 

70 division factor N of the frequency divider circuit 
DIV, the series resistor 5 is shunted by a pair of 
anti-parallel connected diodes 6, 7 which realise a 
short and rapid charge and discharge, respectively, 
of the second capacitance 2. In view of the location 
. is of the RC phase shift member, the loop stability is 
ensured during the step-wise variations of the os- 
cillator control signal caused by these rapid 
charges and discharges. 

In a practical embodiment of the receiver 

20 shown in Fig. 1 as an FM receiver a reference 
frequency f rel of 25 kHz was used, the cut-off 
frequency determined by the first capacitance 1 
and the series resistor 5 was two to five times the 
reference frequency, the resonant frequency 

25 formed by the second capacitance 2 and the first 
resistor 4 was smaller than the reference frequency 
frei, the resonant frequency determined by the first 
resistor 4 and the third capacitance 3 of the RC 
phase shift member 3, 4 was of the order of the 

30 reference frequency f re i or was slightly above it, 
and the series resistor 5 had a value which was 
chosen to be approximately twice as high as that of 
the first series resistor 4. 

35 Claims 

1. A receiver comprising an RF section, a mixer 
stage and a signal processing section, said 
mixer stage receiving a mixing frequency from 

40 a frequency synthesis circuit which comprises 

a phase-locked loop provided with a phase 
detection device having a current output, a 
loop filter comprising a vr-shaped RC network 
having an input shunt path and an output shunt 

45 path which are connected to both ends of a 

series resistor incorporated in a series path 
and to ground and comprise first and second 
capacitances, respectively, and with a voltage- 
controlled oscillator, a reference frequency be- 

50 ing applied to said phase detection device, 

characterized in that the second capacitance is 
at least twice as large as the first capacitance, 
the series resistance is smaller than the output 
impedance of the phase detection device and 

55 the output shunt path of the loop filter is pro- 

vided with an RC phase shift member for re- 
ducing the phase shift of the second capaci- 
tance in the output shunt path. 
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2. A receiver as claimed in Claim 1 , characterized 
in that the RC member comprises a parallel 
arrangement of a resistor and a capacitance 
which is arranged in series with the second 
capacitance. 5 

3. A receiver as claimed in Claim 1 , characterized 
in that the RC member comprises a series 
arrangement of a resistor and a capacitance 
which is arranged in parallel with the second io 
capacitance. 

4. A receiver as claimed in Claim 1 or 2, char- 
acterized in that a pair of anti-parallel con- 
nected diodes is arranged in parallel across is 
the series resistor. 
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© Phase-locked loop receiver. 



® Receiver comprising an RF section, a mixer 
stage and a signal processing stage, said mixer 
stage receiving a mixing frequency from a frequency 
synthesis circuit which comprises a phase-locked 
loop provided with a phase detection device having 
a current output, a loop filter comprising a w-shaped 
RC network having an input shunt path and an 
output shunt path which are connected to both ends 
of a series resistor incorporated in a series path and 
to ground and comprise first and second capacitan- 
ces, respectively, and with a voltage-controlled os- 
cillator, a reference frequency being applied to said 
phase detection device. 

In order to prevent the use of active filter circuits 
in the phase-locked loop of such a receiver accord- 
ing to the invention, the second capacitance is cho- 
sen to be at least twice as large as the first capaci- 
tance, the series resistance is chosen to be smaller 
than the output impedance of the phase detection 
device and the output shunt path of the loop filter is 
provided with an RC phase shift member for reduc- 
ing the phase shift of the second capacitance in the 
output shunt path. 




FIG.1 
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